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Combined Evaluation of Bedside Clinical Variables
and the Electrocardiogram for the Differential
Diagnosis of Paroxysmal Atrioventricular Reciprocating
Tachycardias in Patients Without Pre-Excitation
Esteban Gonza´lez-Torrecilla, MD, PHD, Jesús Almendral, MD, PHD, Angel Arenal, MD
Felipe Atienza, MD, PHD, Leonardo F. Atea, MD, Silvia del Castillo, MD,
Francisco Ferna´ndez-Avilés, MD, PHD
Madrid, Spain
Objectives The aim of this study was to assess the independent predictive contribution to the electrocardiogram (ECG) of
bedside clinical variables to distinguish the major forms of paroxysmal supraventricular tachycardias.
Background Atrioventricular nodal re-entrant tachycardias (AVNRTs) and orthodromic reciprocating tachycardias (ORTs),
through concealed accessory pathways, are major mechanisms of paroxysmal atrioventricular re-entrant
tachycardias.
Methods We prospectively included 370 consecutive patients undergoing an electrophysiologic study for paroxysmal, reg-
ular, narrow-QRS complex tachycardias without pre-excitation in sinus rhythm. A diagnostic interpretation of ECG
recordings was performed by 2 observers blinded to invasive diagnosis used as gold standard. The independent
diagnostic contribution of basic clinical variables from a 7-item questionnaire was analyzed alone and in combi-
nation with the ECG interpretation by stepwise logistic regression.
Results AVNRTs and ORTs were demonstrated in 262 and 108 patients, respectively. Age at symptom onset (odds ratio
[OR]: 1.27), presence of palpitations in the neck (OR: 3.54), and female sex (OR: 2.96) (all p  0.0001) were
the clinical variables with significant diagnostic power for AVNRT diagnosis. These variables were selected by the
logistic model as predictors of the tachycardia diagnosis when the ECG interpretation was included in the analy-
sis (C statistic  0.81 vs. 0.75 with clinical variables alone; p  0.003). Neck palpitation was the only predictor
of AVNRT when positive ECG findings were lacking.
Conclusions Age at the onset of symptoms, sensation of rapid regular pounding in the neck during tachycardia, and female
sex are the only significant clinical variables in the differential diagnosis of paroxysmal atrioventricular recipro-
cating tachycardias in patients without pre-excitation in sinus rhythm. Their consideration adds significant diag-
nostic information to the ECG. (J Am Coll Cardiol 2009;53:2353–8) © 2009 by the American College of
Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2009.02.059a
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strioventricular nodal re-entrant tachycardias (AVNRTs)
nd orthodromic reciprocating tachycardias (ORTs) using a
oncealed accessory pathway are the major mechanisms of
aroxysmal atrioventricular (AV) re-entrant tachycardias
hen electrocardiographic (ECG) features of ventricular
re-excitation in sinus rhythm are lacking. Although several
tudies in the published data have analyzed the univariate
ssociations of clinical variables in both arrhythmic mech-
rom the Hospital General Universitario Gregorio Maraño´n, Cardiology Depart-
ent, Madrid, Spain.o
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009, accepted February 3, 2009.nisms (1–10), its noninvasive differential diagnosis has
een typically based on subjective, inaccurate ECG inter-
retation. However, the independent predictive contribu-
ion to the ECG of simple bedside clinical variables in that
ifferential diagnosis is not clear. The predictive accuracy of
everal combinations of these immediate clinical variables
ould have implications for diagnostic and therapeutic
See page 2359
anagement of these patients. Therefore, the aim of this
tudy was to assess the independent predictive contribution
f these clinical variables and their combinations with the
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a large series of patients with
these arrhythmias who under-
went an electrophysiologic study.
Methods
We included 370 consecutive pa-
tients 10 years of age (231
female subjects, 139 male sub-
jects; age 46 18 years, range 11
to 89 years) who underwent an
electrophysiologic study for par-
oxysmal, regular, narrow-QRS
complex tachycardia without
re-excitation in sinus rhythm. The prospective inclusion
overed from February 2003 to June 2008. The documented
rrhythmias occurred either spontaneously (n  313, 85%)
r were induced during the electrophysiologic study. The
atients were not receiving antiarrhythmic drugs at the time
f the clinical tachycardia documentation. Patients with
trial tachycardias without prior noninvasive diagnosis (9
atients), showing 1 tachycardia mechanism (n  5), or
nable to fulfill a structured clinical questionnaire (n  3)
ere excluded. No significant organic heart disease was
bserved in all but 9 cases.
In addition to the items to be covered in the history of
ny patient with palpitations (10), a structured 7-item
uestionnaire was given to every patient at admission by 1 of
he investigators (Table 1). The 12-lead ECGs were re-
orded at a paper speed of 25 mm/s and gain setting of 10
m/mV, and filter settings were 0.05 to 150 Hz for
aboratory recordings. All ECGs were reviewed indepen-
ently by 2 experienced electrophysiologists (E.G.-T. and
.C.) who were blinded to patient’s clinical information and
achycardia mechanism. Spontaneously occurring tachycar-
ia recordings were preferred for ECG analysis when
vailable. In case of discordant judgment, the final ECG
iagnosis was reached by consensus. Great care was taken in
sing ECG diagnostic criteria consistent with those applied
tructured Questionnaire
Table 1 Structured Questionnaire
1. When did you start with symptoms of rapid palpitations?
2. Do you feel regular rapid pounding sensation in the neck during the
tachycardia episodes?
3. Have you lost consciousness or nearly lost consciousness during any of the
palpitation episodes?
4. How many palpitation episodes have you had in the last 12 months?
5. What is the approximate average duration of your tachycardia episodes in the
last 12 months?
6. In your opinion, is there any possible precipitating factor or associated
condition of your tachycardia episodes?
7. Which of the following accompanying symptoms do you feel during the
palpitation episodes?
Dizziness Chest pain
Dyspnea (shortness of breath) Diaphoresis/nausea
Abbreviations
and Acronyms
AV  atrioventricular
AVNRT  atrioventricular
nodal re-entrant
tachycardia
ECG  electrocardiogram/
electrocardiographic
OR  odds ratio
ORT  orthodromic
reciprocating tachycardia
ROC  receiver-operator
characteristicAn previous studies (11,12). Specifically, the presence of the
ollowing criteria were evaluated in each patient to reach a
resumptive ECG diagnosis of the tachycardia mechanism:
) pseudo r= deflection (V1) and/or pseudo S-wave (inferior
eads), favoring AVNRT; 2) identifiable P-wave after the
RS complex, suggesting ORT; and 3) QRS alternans,
uggesting ORT. Comparing the sinus rhythm ECGs
elped identify the first 2 ECG criteria (Fig. 1). An ECG
VNRT diagnosis was performed when any of these
ositive ECG findings were lacking (12). A random subset
f 50 ECGs were selected to determine the interobserver
nd intraobserver concordance for categorical variables. In
very patient, the mechanism of arrhythmia was defined
uring the electrophysiological study with widely estab-
ished criteria (13) and confirmed by the efficacy of radio-
requency ablation (n  298) or cryoablation (n  67).
tatistical analysis. Continuous and categorical variables
re expressed as mean value  SD and as percentages,
espectively. Comparisons between normally distributed
ontinuous variables were made with the Student t test.
ifferences between categorical variables were analyzed
ith the chi-square test or MacNemar test when appropri-
te. The independent diagnostic contribution of basic sig-
ificant clinical variables was analyzed alone and in con-
unction with the ECG interpretation by stepwise multiple
ogistic regression. First order interactions among selected
ovariates were tested. Pre-specified default probability for
tepwise values (p-in [0.05] and p-out [0.10]) were used in
hese analyses, with likelihood ratio test for variable selec-
ion. Optimal cutoff value of selected continuous variables to
redict tachycardia mechanism was determined by receiver-
perator characteristic (ROC) curve analysis. To evaluate
he ability of the logistic models to classify the arrhythmia
echanism, we plotted ROC curves for the respective
redictive probabilities (14,15). The C statistic, a measure
f the area under the ROC curve, was calculated and
ompared for logistic regression models with and without
he ECG diagnosis. Intraobserver and interobserver agree-
ent in analyzing the subjective ECG diagnosis were
alculated through the kappa statistic. All univariate and
ultivariable analyses were performed with the use of SPSS
oftware version 13.0 (SPSS, Chicago, Illinois). The ROC
urves and C statistics were generated and compared (paired
nalysis) with the use of the STATA package version 9.1
Statacorp LP, College Station, Texas). A 2-tailed p value
f 0.05 was considered statistically significant.
esults
escriptive results and univariate analyses. The AVNRT
nd ORT were demonstrated in 262 and 108 patients,
espectively. Atypical AVNRT (ventriculo-atrial interval
100 ms) was observed in 23 patients. In contrast, acces-
ory pathway location was in left free wall in 68% of ORT
ases, and 31 of these patients (29%) had a concealed septalBlurred vision Fatigue
V bypass. Multiple concealed accessory pathways were
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June 23, 2009:2353–8 Clinical Variables in Paroxysmal Supraventricular Tachycardia Diagnosisbserved in 4 of these patients. The patients’ general and
emographic characteristics are listed in Table 2. Female
ex, presence of associated structural heart disease, and
dentifiable precipitating factors were more prevalent in
VNRT patients. In addition, arrhythmias in patients with
oncealed accessory AV pathways tend to occur at a younger
ge than in AVNRT patients. Figure 2 shows the age at the
nset of symptoms ROC curve. The cutoff point that better
ptimizes the sensitivity and specificity for an AVNRT
iagnosis is for values 30 years.
Figure 1 ECG Typical Examples of Paroxysmal AV Reciprocatin
Twelve-lead electrocardiogram (ECG) of a typical atrioventricular nodal re-entrant ta
[asterisks]) (sinus beat for comparison) and examples of atypical AVNRT (B), an A
dromic reciprocating tachycardia case with a concealed accessory pathway (D). Cl
eneral and Demographicharacteristics of P tients
Table 2 General and DemographicCharacteristics of Patients
AVNRT
(n  262)
ORT
(n  108) p Value
Sex (M/F) 78/184 61/47 0.0001
Structural heart disease (%) 13 2 0.01
Prior antiarrhythmic drugs (%)* 27 32 NS
Tachycardia rate (beats/min) 179 28 184 27 NS
Age at electrophysiologic study (yrs) 50 16 43 18 0.001
Age at onset of symptoms (yrs) 39 17 26 16 0.0001
No. of episodes* 6 5 3 5 NS
Episodes’ mean duration (min) 15 11 20 12 NS
Precipitating factors (%) 44 53 NS
Correct ECG diagnosis (%) 61 76 0.001
During last 12 months.(
AVNRT  atrioventricular nodal re-entrant tachycardia; ECG  electrocardiographic; ORT 
rthodromic re-entrant tachycardia.A correct ECG interpretation (68% for total study
opulation) was obtained more frequently in the ORT
roup. The Cohen’s kappa values for the interobserver and
ntraobserver concordance in the ECG diagnosis were 0.7
nd 0.83, respectively.
Regarding symptom frequency during tachycardia episodes
Table 3), only the sensation of rapid regular pounding in the
eck during tachycardia was observed more frequently in
VNRT patients. Forty percent of those patients refer palpi-
ations in the neck. Specifically, the percentage of AVNRT
atients with palpitations in the neck was significantly
reater in the typical forms of this tachyarrhythmia (51% vs.
5%, p  0.001).
The presence of syncope during any of the episodes was
ncommon in both groups of patients. Syncope/pre-
yncope during tachycardia episodes were more commonly
ound in older patients (age 56 17 years vs. 45 16 years;
 0.0005).
ultivariate analyses. Age at the onset of symptoms (ad-
usted odds ratio [OR]: 1.27), the presence of palpitations in
he neck (OR: 3.54), and female sex (OR: 2.96) were the only
linical variables with significant diagnostic power in the
dentification of AVNRT (vs. ORT) in the multivariate
nalysis. These 3 variables were selected by the logistic model
s significant predictors of the tachycardia mechanism when
he ECG subjective diagnosis was included in the analysis
hycardias
dia (AVNRT) (A) showing clear pseudo-r= (V1) and pseudo S waves (inferior leads
tracing without identifiable pre-specified positive ECG findings (C), and an ortho-
rograde p waves are observed in B and D (arrowheads).g Tac
chycar
VNRT
ear retTable 4). No significant interactions were found between
s
a
p
W
d
p
m
o
d
d
v
f
i
t
p
E
r
n
A
c
S
V
A
p
t
MR
*
p
L
2356 Gonza´lez-Torrecilla et al. JACC Vol. 53, No. 25, 2009
Clinical Variables in Paroxysmal Supraventricular Tachycardia Diagnosis June 23, 2009:2353–8elected covariates. Adjusted diagnostic probabilities 70%
nd 80% were found in 66% and 54%, respectively, of our
atients with different combinations of these clinical variables.
hen ECG interpretation was included in the analysis, these
iagnostic probabilities were found in 71% and 52% of the
atients, respectively. We constructed ROC curves for the
odel incorporating selected clinical variables with and with-
ut inclusion of the ECG interpretation, with the AVNRT
iagnosis as the outcome (Fig. 3). The C statistic for that
iagnosis was greater for the model including both clinical
ariables and ECG interpretation (0.81 vs. 0.755, p  0.003).
In the clinical ECG predictive logistic model, 21 of 46
alse positive cases for the diagnosis of AVNRT (45%) were
Figure 2 Age at Symptom Onset ROC Curve
Age at the onset of symptoms receiver-operator characteristic (ROC) curve. The
cut-point that better optimizes the values of sensitivity and specificity for an
atrioventricular nodal re-entrant tachycardia diagnosis is for age values 30
years (C statistic: 0.711, SE: 0.03; p  0.0001).
ymptom Frequency During Tachycardia Episodes
Table 3 Symptom Frequency During Tachycardia Episodes
AVNRT
(n  262)
ORT
(n  108) p Value
Palpitations 98 99 NS
Palpitations in the neck* 40 17 0.0005
Dizziness 69 72 NS
Dyspnea 41 32 NS
Fatigue 24 19 NS
Syncope† 11 8.5 NS
Chest pain 35 37 NS
Diaphoresis/nausea 17 15 NS
Blurred vision 3 2 NS
alues are percentages. Including pre-syncopal episodes, the prevalences are 23% and 17% for
VNRT and ORT patients, respectively (p  NS). *Associated with chest palpitations in 88% of the
atients. †In presence of rapid palpitations preceding transient loss of consciousness or with
achycardia documentation during or shortly after the syncopal episode.
Abbreviations as in Table 2.n patients with incorrect ECG diagnosis, and 71.5% of
hem were female subjects. Similarly, 22 of 29 false negative
redictions for AVNRT diagnosis (76%) had an incorrect
CG presumptive diagnosis, and only 3 of those patients
eferred palpitations in the neck (10%). Nine of those false
egative cases (31%) were in patients with atypical forms of
VNRT.
In 116 patients (31%) in whom pre-specified ECG
riteria were lacking (78%, AVNRT patients) (Fig. 1C), the
Figure 3 Comparison of ROC Curves
Receiver-operator characteristic (ROC) curves for atrioventricular nodal re-en-
trant tachycardia diagnosis (vs. orthodromic reciprocating tachycardia). The
curves are based on diagnosis-prediction models incorporating 3 selected clini-
cal covariates that either included the presumptive electrocardiographic diagno-
sis (C statistic: 0.81 [SE: 0.025, p  0.0001; asymptotic 95% confidence
interval: 0.762 to 0.859] area under black line) or did not include that infor-
mation (C statistic: 0.755 [SE: 0.027, p  0.0001; asymptotic 95% confi-
dence interval: 0.701 to 0.808] dark pink area) (p  0.003). For practical
purposes, age at onset of symptoms is included in these models as a dichoto-
mized variable (30 years).
ultivariate Logistic Regressionesults for the Diagnosis of AVNRT (vs. ORT)
Table 4 Multivariate Logistic RegressionResults for the Diagnosis of AVNRT (vs. ORT)
OR (95% CI)
Wald
Chi-Square p Value
Clinical variables*
Age at onset of symptoms 1.27 (1.18–1.38)† 34.5 0.0001
Palpitations in the neck 3.54 (1.98–6.34) 18.2 0.0001
Female sex 2.96 (1.74–5.03) 15.9 0.0001
Clinical variables and ECG‡
ECG interpretation§ 4.1 (2.32–7.21) 23.8 0.0001
Age at onset of symptoms 1.25 (1.15–1.36)† 27.3 0.0001
Palpitations in the neck 3.37 (1.84–6.2) 15.4 0.0001
Female sex 2.6 (1.5–4.5) 11.3 0.001
Constant: exp(beta) 0.188 (SE 0.34), p 0.0001; Hosmer-Lemeshow=s goodness of fit test:
 0.24. †Per 5-yr increase. ‡Constant: exp(beta)  0.127 (SE  0.37), p  0.0001; Hosmer-
emeshow=s goodness of fit test: p 0.17. §ECG subjective diagnosis suggesting AVNRT (vs. ORT).
CI  confidence interval; OR  odds ratio; other abbreviations as in Table 2.
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June 23, 2009:2353–8 Clinical Variables in Paroxysmal Supraventricular Tachycardia Diagnosisresence of neck palpitations appeared as the only signifi-
ant predictive variable for an AVNRT diagnosis (OR: 7.5).
his clinical covariate led to 77.5% correct classifications as
ompared with only 60% correct classifications by ECG
nterpretation in this subset of patients (p  0.001).
ensitivity, specificity, and positive and negative predictive
alues of that clinical finding for identifying AVNRT in this
ubgroup of patients were 50%, 88.5%, 94%, and 34%, respec-
ively. However, age at onset of symptoms (OR: 1.34), female
ex (OR: 2.9), and the presence of neck palpitations (OR: 2.9)
dded significant predictive accuracy to the ECG subjective
iagnosis in the remaining 254 patients showing positive
re-specified ECG criteria (Table 5). Similarly, sensitivity,
pecificity, and positive and negative predictive values of
omen age 30 years for AVNRT diagnosis in this subset
f patients were 41%, 90%, 90%, and 42%, respectively.
iscussion
ur study shows the independent additional diagnostic
alue of simple bedside clinical variables and their combi-
ations for the differential diagnosis of paroxysmal AV
e-entrant tachycardias in patients without pre-excitation
uring sinus rhythm. Age at the onset of symptoms, the
resence of palpitations in the neck, and female sex were, in
rder of predictive impact, the only clinical variables with
ignificant diagnostic power in the identification of AVNRT
vs. ORT) in the multivariate analysis. The inclusion of
hese simple bedside clinical variables into classical ECG
nterpretation added significant predictive information to
he differential diagnosis of the major mechanisms of
aroxysmal, regular supraventricular tachycardias. Despite
urrent over-reliance on laboratory tests, our findings fur-
her corroborate the usefulness of simple clinical history
ndings in the assessment of patients with these common
achyarrhythmias.
Previous studies have shown the univariate significant
ssociations of age at onset of first arrhythmic event
1,2,8,9), sex prevalence (1–4,9), and the presence of regular
alpitations in the neck during tachycardia episodes
ultivariate Logistic Regression Resultsor he Diagn si of AVNRT (vs. ORT) inatients With and Without Positive ECG Findings
Table 5
Multivariate Logistic Regression Results
for the Diagnosis of AVNRT (vs. ORT) in
Patients With and Without Positive ECG Findings
Variable OR (95% CI)
Wald
Chi-Square p Value
With  ECG findings*
ECG interpretation† 7.9 (3.3–18.7) 22.1 0.0001
Age at onset of symptoms 1.34 (1.2–1.5)‡ 25.9 0.0001
Palpitations in the neck 2.95 (1.4–6.2) 7.8 0.005
Female sex 2.9 (1.4–5.9) 8.7 0.003
Without  ECG findings§
Palpitations in the neck 7.5 (2.1–26) 9.6 0.002
ee the Methods section. Patients with (n  254) and without (n  116) positive ECG findings.
Constant: exp(beta) 0.077 (SE 0.47), p 0.0001; Hosmer-Lemeshow=s goodness of fit test:
 0.85. †ECG subjective diagnosis suggesting AVNRT (vs. ORT). ‡Per 5-yr increase. §Constant:r
xp(beta)  1.96 (SE  0.256), p  0.009.
Abbreviations as in Tables 2 and 4.4,16,17) with the major mechanisms of paroxysmal, regular
upraventricular tachycardias. Their biological plausibility
as been discussed in detail elsewhere (9,16–19). However,
his is the first study that prospectively assessed the adjusted
redictive power of the different combinations of these
elected bedside clinical variables either in isolation or in
ombination with an ECG presumptive diagnosis. In fact,
he presence of positive findings in 2 of those clinical
ariables strongly favors (80% of predicted probability) an
VNRT diagnosis. Therefore these clinical findings might
e useful when ECG information is lacking or limited, such
s in ambulatory Holter monitoring. That predicted prob-
bility increases to90% when2 positive clinical findings
re present in conjunction with a presumptive ECG diag-
osis of AVNRT.
However, the increment in the diagnostic power of the
CG with clinical information, although statistically signif-
cant, seems to be at most moderate. In fact, the percentage
f patients with predicted probabilities 80% for a correct
iagnosis were quite similar, regardless of the use of ECG
nformation in conjunction with basic clinical information.
n previous experiences, most false-negative cases derived
rom ECG interpretation did correspond to patients with
typical or uncommon forms of AVNRT (12), a subgroup
f patients with a lower prevalence of a significant predictive
ovariate such as the presence of rapid regular pounding in
he neck during tachycardia episodes. The latter might
artially offset the predictive accuracy provided by clinical
ovariates in the total study group. However, an area under
he ROC curve of 0.8 demonstrates an excellent discrim-
nation power of our clinical ECG predictive logistic model
15), in which almost two-thirds of patients with incorrect
lassification also had an erroneous subjective ECG diag-
osis. In addition, a bedside clinical variable such as the
resence of neck palpitations emerged as the sole predictor
f AVNRT when positive pre-specified ECG criteria were
ot identified. That most of these are AVNRT patients
78%) is likely to be an underlying cause for the absence of
ignificant predictive impact of other clinical variables in
hat subgroup of patients.
tudy limitations. Interrogation inconsistencies inherent
n any anamnestic data and history-taking are a major
imitation of the study (20). Moreover, the reproducibility
n the presumptive ECG diagnosis of the tachycardia is
nother limitation of our study and an inherent drawback to
he subjective interpretation of surface ECG. In addition,
ur data analyses are restricted to the described clinical
ymptoms. A further limitation is that our study is based on
binary logistic regression analysis excluding patients with
trial tachycardia who are a minority in previous consecutive
eries of cases with paroxysmal, regular supraventricular
achycardias. In fact, patients with atrial tachycardias with-
ut prior noninvasive diagnosis would constitute only ap-
roximately 2% of our study population. Another limitation
f the study is that there might have been a spectrum and
eferral bias, because all patients had to be referred for an
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Clinical Variables in Paroxysmal Supraventricular Tachycardia Diagnosis June 23, 2009:2353–8lectrophysiology procedure to be included in the study.
inally, these predictive regression models need to be
alidated prospectively from an external cohort.
onclusions
ge at onset of first arrhythmic event, sensation of palpita-
ions in the neck during tachycardias, and sex are, in order
f predictive impact, the only significant clinical variables in
he differential diagnosis of paroxysmal AV reciprocating
achycardias in patients without pre-excitation in sinus
hythm. In addition, the presence of neck palpitations
merges as the sole significant AVNRT predictor when
ositive ECG criteria are not identified. Precise probabili-
ies for a correct diagnosis associated with combinations of
hose simple clinical criteria are presented for the first time.
heir consideration adds moderate but significant predictive
ccuracy to the ECG in that differential diagnosis.
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orrecilla, Electrophysiology Unit, Cardiology Department, Hos-
ital General Universitario Gregorio Maraño´n, Doctor Esquerdo
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